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SYSTEM AND METHOD FOR PREVENTING
MISFIRE DURING ENGINE STARTUP

FIELD

The present disclosure relates to internal combustion

engines, and more specifically, to systems and methods for
preventing misfire during engine startup.

BACKGROUND

The background description provided herein is for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent 1t 1s
described in this background section, as well as aspects of the
description that may not otherwise quality as prior art at the
time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

Internal combustion engines combust an air and fuel mix-
ture within cylinders to drive pistons, which produces drive
torque. Air flow 1nto the engine 1s regulated via a throttle.
More specifically, the throttle adjusts throttle area, which
increases or decreases air flow 1nto the engine. As the throttle
area increases, the air flow into the engine increases. A fuel
control system adjusts the rate that fuel 1s injected to provide
a desired air/fuel mixture to the cylinders and/or to achieve a
desired torque output. Increasing the amount of air and fuel
provided to the cylinders increases the torque output of the
engine.

In spark-1gnition engines, spark initiates combustion of an
air/Tuel mixture provided to the cylinders. In compression-
1gnition engines, compression in the cylinders combusts the
air/Tuel mixture provided to the cylinders. Spark timing and
air flow may be the primary mechanisms for adjusting the
torque output of spark-1gnition engines, while fuel flow may
be the primary mechanism for adjusting the torque output of
compression-ignition engines. When an engine misfires, an
air/Tuel mixture provided to a cylinder may not combust at all
or may combust only partially.

Maisfire prevention systems have been developed to prevent
engine misiire. Traditional misfire prevention systems, how-
ever, do not prevent engine misfire as effectively as desired.

SUMMARY

A system according to the principles of the present disclo-
sure 1ncludes a stop-start module and a throttle control mod-
ule. The stop-start module stops an engine when a driver
depresses a brake pedal while an 1gnition system 1s on and the
engine 1s 1dling. The throttle control module selectively opens
a throttle valve when fuel 1njection 1n the engine 1s stopped
while the 1gnition system 1s on based on engine speed and a
manifold pressure within an intake manifold. The stop-start
module starts the engine when the driver releases the brake
pedal.

Further areas of applicability of the present disclosure will
become apparent from the detailed description provided here-
inafter. It should be understood that the detailed description
and specific examples are imtended for purposes of 1llustra-
tion only and are not intended to limit the scope of the dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:
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FIG. 1 1s a functional block diagram of an example engine
system according to the principles of the present disclosure;

FIG. 2 1s a functional block diagram of an example engine
control system according to the principles of the present
disclosure; and

FIG. 3 1s a flowchart 1llustrating an example engine control
method according to the principles of the present disclosure.

DETAILED DESCRIPTION

An engine control system may automatically shut down an
engine when the engine 1s 1dling to reduce fuel consumption
and emissions. The engine control system may automatically
shut down the engine when a driver depresses a brake pedal
and vehicle speed 1s zero. The engine control system may
automatically restart the engine when the driver releases the
brake pedal after the engine 1s automatically shut down.

During engine shutdown, a rotation direction of a crank-
shaft 1n the engine may be reversed belfore the crankshaift
stops. In turn, a piston coupled to the crankshait may stop near
top dead center (TDC) before movement of the piston 1s
reversed. This reversal of piston movement during engine
shutdown may be referred to as rock back. As the piston rocks
back, the piston may draw exhaust gas into the cylinder in
which the piston 1s disposed. Exhaust gas may also be drawn
into an intake manifold of the engine due to a pressure differ-
ence between the intake manifold and the cylinders. When the
engine 1s restarted, exhaust gas may tflow from the intake
mamnifold to the cylinder, and exhaust gas present within the
cylinder may cause the cylinder to misfire.

An engine control system and method according to the
principles of the present disclosure prevents engine misiire
when an engine 1s restarted by opening a throttle when the
engine 1s shutting down. The throttle may be opened when the
engine speed 1s less than a predetermined speed and the
pressure within an intake manifold 1s less than a predeter-
mined pressure. The throttle may be closed when the mani-
fold pressure 1s greater than or equal to the predetermined
pressure. Opening a throttle when an engine 1s shutting down
increases the pressure within an intake mamifold of the
engine. In turn, exhaust gas 1s not drawn into the intake
mamifold, and less exhaust gas 1s present 1n the cylinder to
cause the cylinder to misfire when the engine 1s restarted.

An engine control system and method according to the
principles of the present disclosure prevents engine misfire by
advancing spark timing when the engine i1s restarted. The
spark timing may be advanced by an amount that 1s propor-
tional to the position of the piston in the cylinder relative to
TDC belfore movement of the piston 1s reversed while the
engine 1s shutting down. Advancing the spark timing 1n pro-
portion to the piston position before movement of the piston
1s reversed ensures that exhaust gas present 1n the cylinder 1s
combusted, and thereby prevents the cylinder from misfiring.

Referring to FIG. 1, an engine system 100 includes an
engine 102 that combusts an air/fuel mixture to produce drive
torque for a vehicle based on driver input from a driver input
module 104. The driver input may be based on a position of an
accelerator pedal. The driver input may also be based on
cruise control, which may be an adaptive cruise control sys-
tem that varies vehicle speed to maintain a predetermined
following distance.

Air 1s drawn 1nto the engine 102 through an intake system
108. For example only, the intake system 108 may include an
intake manifold 110 and a throttle valve 112. For example
only, the throttle valve 112 may include a buttertly valve
having a rotatable blade. An engine control module (ECM)
114 controls a throttle actuator module 116, which regulates
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opening of the throttle valve 112 to control the amount of air
drawn 1nto the intake manifold 110.

Air from the intake manifold 110 1s drawn into cylinders of
the engine 102. While the engine 102 may include multiple
cylinders, for illustration purposes a single representative
cylinder 118 1s shown. For example only, the engine 102 may

include 2, 3, 4, 5, 6, 8, 10, and/or 12 cylinders. The ECM 114
may 1instruct a cylinder actuator module 120 to selectively
deactivate some of the cylinders, which may improve fuel
economy under certain engine operating conditions.

The engine 102 may operate using a four-stroke cycle. The
four strokes, described below, are named the intake stroke, the
compression stroke, the combustion stroke, and the exhaust
stroke. During each revolution of a crankshaft (not shown),
two of the four strokes occur within the cylinder 118. There-
fore, two crankshaftrevolutions are necessary for the cylinder
118 to experience all four of the strokes.

During the intake stroke, air from the intake manifold 110

1s drawn 1nto the cylinder 118 through an intake valve 122.
The ECM 114 controls a fuel actuator module 124, which

regulates fuel injection to achieve a desired air/fuel ratio. Fuel
may be injected into the intake manifold 110 at a central
location or at multiple locations, such as near the intake valve
122 of each of the cylinders. In various implementations (not
shown), fuel may be injected directly into the cylinders or into
mixing chambers associated with the cylinders. The fuel
actuator module 124 may halt injection of fuel to cylinders
that are deactivated.

The 1mjected fuel mixes with air and creates an air/fuel
mixture in the cylinder 118. During the compression stroke, a
piston (not shown) within the cylinder 118 compresses the
air/fuel mixture. The engine 102 may be a compression-
ignition engine, in which case compression in the cylinder
118 ignites the air/fuel mixture. Alternatively, the engine 102
may be a spark-1gnition engine, 1n which case a spark actuator
module 126 energizes a spark plug 128 in the cylinder 118
based on a signal from the ECM 114, which ignites the
air/fuel mixture. The timing of the spark may be specified
relative to the time when the piston 1s at 1ts topmost position,
referred to as top dead center (TDC).

The spark actuator module 126 may be controlled by a
timing signal specilying how far before or after TDC to gen-
crate the spark. Because piston position 1s directly related to
crankshaft rotation, operation of the spark actuator module
126 may be synchronized with crankshaft angle. In various
implementations, the spark actuator module 126 may halt
provision of spark to deactivated cylinders.

Generating the spark may be referred to as a firing event.
The spark actuator module 126 may have the ability to vary
the timing of the spark for each firing event. The spark actua-
tor module 126 may even be capable of varying the spark
timing for a next firing event when the spark timing signal 1s
changed between a last firing event and the next firing event.
In various implementations, the engine 102 may include mul-
tiple cylinders and the spark actuator module 126 may vary
the spark timing relative to TDC by the same amount for all
cylinders 1n the engine 102.

During the combustion stroke, the combustion of the air/
fuel mixture drives the piston down, thereby driving the
crankshaift. The combustion stroke may be defined as the time
between the piston reaching TDC and the time at which the
piston returns to bottom dead center (BDC).

During the exhaust stroke, the piston begins moving up
from BDC and expels the byproducts of combustion through
an exhaust valve 130. The byproducts of combustion are
exhausted from the vehicle via an exhaust system 134.
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The intake valve 122 may be controlled by an intake cam-
shaft 140, while the exhaust valve 130 may be controlled by
an exhaust camshait 142. In various implementations, mul-
tiple intake camshafts (including the intake camshaft 140)
may control multiple intake valves (including the intake valve
122) for the cylinder 118 and/or may control the intake valves

(including the intake valve 122) of multiple banks of cylin-
ders (1including the cylinder 118). Similarly, multiple exhaust
camshafts (including the exhaust camshaft 142) may control
multiple exhaust valves for the cylinder 118 and/or may con-
trol exhaust valves (including the exhaust valve 130) for
multiple banks of cylinders (including the cylinder 118).

The cylinder actuator module 120 may deactivate the cyl-
inder 118 by disabling opening of the intake valve 122 and/or
the exhaust valve 130. In various other implementations, the
intake valve 122 and/or the exhaust valve 130 may be con-
trolled by devices other than camshafts, such as electromag-
netic actuators.

The time at which the intake valve 122 1s opened may be
varied with respect to piston TDC by an intake cam phaser
148. The time at which the exhaust valve 130 1s opened may
be varied with respect to piston TDC by an exhaust cam
phaser 150. A phaser actuator module 158 may control the
intake cam phaser 148 and the exhaust cam phaser 150 based
on signals from the ECM 114. When implemented, variable
valve lift (not shown) may also be controlled by the phaser
actuator module 158.

The ECM 114 may start the engine 102 and stop the engine
102 based on 1mnput recerved from an ignition system 160. The
1gnition system 160 may include a key or a button. The ECM
114 may start the engine 102 when a driver turns the key from
an oil position to an on position or when the driver presses the
button. The ECM 114 may stop the engine 102 when a driver
turns the key from the on position to the ofl position or when
the driver presses the button while the engine 102 1s running.

A driver may depress a brake pedal 162 to decelerate and/or
stop the vehicle. The engine system 100 may measure the
position of the brake pedal 162 using a brake pedal position
(BPP) sensor 164. The ECM 114 may determine when the
brake pedal 162 1s depressed or released based on input
received from the BPP sensor 164 and/or based on input
received from a brake line pressure sensor (not shown).

The engine system 100 may measure the speed of the
vehicle using a vehicle speed sensor (VSS) 178. The engine
system 100 may measure the position of the crankshatt using
a crankshatt position (CKP) sensor 180. The temperature of
the engine coolant may be measured using an engine coolant
temperature (ECT) sensor 182. The ECT sensor 182 may be
located within the engine 102 or at other locations where the
coolant 1s circulated, such as a radiator (not shown).

The pressure within the intake mamifold 110 may be mea-
sured using a manifold absolute pressure (MAP) sensor 184.
In various implementations, engine vacuum, which 1s the
difference between ambient air pressure and the pressure
within the intake manifold 110, may be measured. The mass
flow rate of air flowing into the intake manifold 110 may be
measured using a mass air tlow (MAF) sensor 186. In various
implementations, the MAF sensor 186 may be located in a
housing that also includes the throttle valve 112.

The throttle actuator module 116 may monitor the position
of the throttle valve 112 using one or more throttle position
sensors (IPS) 190. The ambient temperature of air being
drawn into the engine 102 may be measured using an intake
air temperature (IAT) sensor 192. The ECM 114 may use
signals from the sensors to make control decisions for the
engine system 100.
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The ECM 114 may communicate with a transmission con-
trol module 194 to coordinate shifting gears 1n a transmission
(not shown). For example, the ECM 114 may reduce engine
torque during a gear shiit. The ECM 114 may communicate
with a hybrid control module 196 to coordinate operation of
the engine 102 and an electric motor 198.

The electric motor 198 may also function as a generator,
and may be used to produce electrical energy for use by
vehicle electrical systems and/or for storage in a battery. In
various implementations, various functions of the ECM 114,
the transmission control module 194, and the hybrid control
module 196 may be integrated into one or more modules.

The ECM 114 may determine engine speed based on input
received from the CKP sensor 180. The CKP sensor 180 may
include a Hall effect sensor, optical sensor, an inductor sen-
sor, and/or another suitable type of sensor that 1s positioned
adjacent to a disk having N teeth (e.g., 58 teeth). The disk may
rotate with the crankshaft while the sensor remains stationary.
The sensor may detect when the teeth pass by the sensor. The
ECM 114 may determine the engine speed based on an
amount of crankshatt rotation between tooth detections and a
period between the tooth detections.

The CKP sensor 180 may include a bidirectional crank-
shaft sensor that detects the direction in which the teeth are
traveling as the teeth pass by the sensor. Thus, the CKP sensor
180 can detect crankshait position and the direction of crank-
shaft rotation. The ECM 114 may determine when the direc-
tion of crankshaft rotation 1s reversed based on 1input recerved
from the CKP sensor 180.

The ECM 114 may automatically shut down the engine 102
when the engine 102 1s 1dling to reduce fuel consumption and
emissions. The ECM 114 may shut down the engine 102
when the vehicle speed is less than or equal to a predeter-
mined speed (e.g., zero) and the driver depresses the brake
pedal 162. The ECM 114 may automatically restart the
engine 102 when the driver releases the brake pedal 162.

The ECM 114 may prevent the engine 102 from misfiring
during startup by opening the throttle valve 112 for a brief
period (e.g., between 15 and 200 milliseconds) while the
engine 102 1s shutting down. The ECM 114 may open the
throttle valve 112 when the engine speed 1s less than a pre-
determined speed and the manifold pressure (1.e., the pressure
within the intake manifold 110) 1s less than a predetermined
pressure. The ECM 114 may close the throttle valve 112 when
the manifold pressure i1s greater than or equal to the predeter-
mined pressure.

The ECM 114 may prevent the engine 102 from misfiring
during startup by advancing spark timing when the engine
102 1s started. The spark timing may be advanced by an
amount that 1s proportional to the position of the piston within
the cylinder 118 relative to TDC betore rock back (1.e., before
movement of the piston 1s reversed while the engine 102 1s
shutting down). The ECM 114 may determine the piston
position based on 1nput received from the CKP sensor 180.

If the engine 102 includes multiple cylinders, the ECM 114
may imdependently advance spark timing for one or more of
the cylinders when the engine 102 1s started. The ECM 114
may advance the spark timing for the cylinders by an amount
that 1s proportional to the position of the pistons within the
cylinders relative to TDC before rock back. The ECM 114
may determine the piston positions based on 1mput received
from the CKP sensor 180.

Referring to FIG. 2, the ECM 114 may include a speed
determination module 202, a stop-start module 204, a throttle
control module 206, a fuel control module 208, a spark con-
trol module 210, and a position determination module 212.
The speed determination module 202 determines engine
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speed. The speed determination module 202 may determine
engine speed based on input received from the CKP sensor
180. The speed determination module 202 may determine
engine speed based on an amount of crankshait rotation
between tooth detections and the corresponding period. The
speed determination module 202 outputs the engine speed.

The stop-start module 204 automatically stops and restarts
the engine 102 when the engine 102 1s 1dling. The stop-start
module 204 may automatically stop the engine 102 when the
vehicle speed 1s less than or equal to a predetermined speed
(e.g., zero) and the driver depresses the brake pedal 162. The
stop-start module 204 may automatically restart the engine
102 when the driver releases the brake pedal 162. The stop-
start module 204 may receive the vehicle speed from the VSS
sensor 178. The stop-start module 204 may determine when
the driver depresses or releases the accelerator pedal based on
iput recerved from the BPP sensor 164.

The stop-start module 204 may ensure that additional con-
ditions are satisfied before automatically stopping the engine
102. For example, the stop-start module 204 may ensure that
the engine coolant temperature 1s greater than a first tempera-
ture, a transmission o1l temperature 1s greater than a second
temperature, and ambient air temperature 1s within a tempera-
ture range. The first temperature, the second temperature, and
the temperature range may be predetermined.

The stop-start module 204 may receive the engine coolant
temperature from the ECT sensor 182. The stop-start module
204 may estimate the ambient air temperature based on the
intake air temperature. The start-stop module 204 may
receive the intake air temperature from the IAT sensor 192.
The stop-start module 204 may receive the transmission o1l
temperature from the transmission control module 194 and/or
a transmission o1l temperature sensor (not shown).

The stop-start module 204 may automatically stop and
restart the engine 102 by sending signals to the throttle control
module 206, the tuel control module 208, and/or the spark
control module 210. The throttle control module 206 may
stop or start the engine 102 by instructing the throttle actuator
module 116 to close or open the throttle valve 112. The fuel
control module 208 may stop or start the engine 102 by
instructing the fuel actuator module 124 to stop or start pro-
viding fuel to the cylinder 118. The spark control module 210
may stop or start the engine 102 by instructing the spark
actuator module 126 to stop or start providing spark to the
cylinder 118.

The position determination module 212 determines the
position of the piston within the cylinder 118. The position
determination module 212 may determine the position of the
piston relative to TDC based on mput recerved from the CKP
sensor 180. I the engine 102 includes multiple cylinders, the
position determination module 212 may determine the posi-
tions of the pistons within the cylinders relative to TDC based
on mput recerved from the CKP sensor 180. The position
determination module 212 may determine the piston
position(s) based on a predetermined relationship between
the crankshait position and the piston position(s). The posi-
tion determination module 212 outputs the piston position(s).

The throttle control module 206 may prevent the engine
102 from misfining during startup by instructing the throttle
actuator module 116 to open the throttle valve 112 while the
engine 102 1s shutting down. The throttle control module 206
may send 1nstructions to open the throttle valve 112 at a first
time when the engine speed 1s less than a first speed and the
manifold pressure 1s less than a first pressure. Opening the
throttle valve 112 before the first time may cause the engine
102 to vibrate. Opening the throttle valve 112 after the first
time may not prevent the engine 102 from maisfiring. The
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throttle control module 206 may receive the manifold pres-
sure from the MAP sensor 184. The throttle control module
206 may send instructions to close the throttle valve 112 when
the manifold pressure 1s greater than or equal to the first
pressure.

The spark control module 210 may prevent the engine 102
from misfiring during startup by instructing the spark actuator
module 126 to advance spark timing when the engine 102 1s
started. The spark control module 210 may send instructions
to advance spark timing by an amount that 1s proportional to
the piston position(s) relative to TDC before rock back (1.e.,
before movement of the piston(s) 1s reversed while the engine
102 1s shutting down). The spark control module 210 may
receive the piston position(s) from the position determination

module 212.

The spark control module 210 may independently advance
spark timing for one or more cylinders in the engine 102 when
the engine 102 1s started. When the engine 102 1s restarted
alter an automatic stop, a misfire may occur during the second
firing event (1.e., the second event 1n a firing order of the
engine 102) as the engine 102 1s restarted. Thus, the spark
control module 210 may advance the spark timing of the
cylinder 1n which the second firing event occurs as the engine
102 1s restarted.

Referring to FI1G. 3, amethod for preventing engine misfire
during engine startup begins at 302. At 304, the method
determines whether an automatic stop 1s enabled. An auto-
matic stop may be enabled when a vehicle speed 1s less than
or equal to a predetermined speed (e.g., zero) and a driver
depresses a brake pedal. If an automatic stop 1s enabled, the
method continues at 306.

At 306, the method determines whether an engine speed 1s
greater than a first speed. The first speed may be a predeter-
mined speed (e.g., 400 revolutions per minute). If the engine
speed 15 greater than the first speed, the method continues at
308. At 308, the method determines whether a manifold pres-
sure (1.€., a pressure within an intake manifold) 1s greater than
or equal to a first pressure. The first pressure may be a prede-
termined pressure (e.g., 10 kilopascals less than ambient pres-
sure).

If the manifold pressure 1s less than the first pressure, the
method continues at 310. At 310, the method opens a throttle

valve. If the manifold pressure 1s greater than or equal to the
first pressure, the method continues at 312. At 312, the
method closes the throttle valve. At 314, the method deter-
mines the position of one or more pistons 1n an engine before
rock back (1.e., before movement of the piston(s) 1s reversed
while the engine 1s stopping).

At 316, the method determines whether an automatic start
1s enabled. An automatic start may be enabled when a driver
releases the brake pedal after an automatic stop. If an auto-
matic start 1s enabled, the method continues at 318. At 318,
the method advances spark timing for one or more cylinders
in the engine based on the piston position(s) before rock back.
The method may advance spark timing by an amount that 1s
proportional to a difference between the piston position and
TDC.

A system and method for preventing engine misfire accord-
ing to the principles of the present disclosure may apply to
vehicles equipped with a stop-start system and vehicles that
are not equipped with a stop-start system. A system and
method may prevent engine misfire during engine startup by
mimmizing the amount of valve overlap during engine shut-
down to prevent exhaust gas from flowing into an intake
manifold. Valve overlap may be mimimized by adjusting a
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camshaft resting position. However, mimmizing valve over-
lap during engine shutdown may increase cold start emis-
S101S.

A system and method may prevent engine misfire during
engine startup by purging the contents of cylinders 1n an
engine before providing spark to the cylinders. However, this
may increase the amount of time required to start the engine.
The size of a starter motor that starts the engine may be
increased to reduce the amount of time required to start the
engine. However, this may increase the cost of the starter
motor.

The foregoing description 1s merely 1llustrative 1n nature
and 1s 1n no way mtended to limit the disclosure, its applica-
tion, or uses. The broad teachings of the disclosure can be
implemented in a variety of forms. Therefore, while this
disclosure 1includes particular examples, the true scope of the
disclosure should not be so limited since other modifications
will become apparent upon a study of the drawings, the speci-
fication, and the following claims. For purposes of clarity, the
same reference numbers will be used in the drawings to
identily similar elements. As used herein, the phrase at least
one of A, B, and C should be construed to mean a logical (A
or B or C), using a non-exclusive logical OR. It should be
understood that one or more steps within a method may be
executed 1n different order (or concurrently) without altering
the principles of the present disclosure.

As used herein, the term module may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC); an
clectronic circuit; a combinational logic circuit; a field pro-
grammable gate array (FPGA); a processor (shared, dedi-
cated, or group) that executes code; other suitable hardware
components that provide the described functionality; or a
combination of some or all of the above, such as 1n a system-
on-chip. The term module may include memory (shared,
dedicated, or group) that stores code executed by the proces-
SOF.

The term code, as used above, may include software, firm-
ware, and/or microcode, and may refer to programs, routines,
functions, classes, and/or objects. The term shared, as used
above, means that some or all code from multiple modules
may be executed using a single (shared) processor. In addi-
tion, some or all code from multiple modules may be stored
by a single (shared) memory. The term group, as used above,
means that some or all code from a single module may be
executed using a group of processors. In addition, some or all
code from a single module may be stored using a group of
memories.

The apparatuses and methods described herein may be
implemented by one or more computer programs executed by
one or more processors. The computer programs include pro-
cessor-executable instructions that are stored on a non-tran-
sitory tangible computer readable medium. The computer
programs may also include stored data. Non-limiting
examples of the non-transitory tangible computer readable
medium are nonvolatile memory, magnetic storage, and opti-
cal storage.

What 1s claimed 1s:

1. A system comprising;:

a stop-start module that stops an engine when a driver
depresses a brake pedal while an 1gnition system 1s on
and the engine 1s 1dling, and that starts the engine when
the driver releases the brake pedal; and

a throttle control module that, based on engine speed when
fuel 1injection 1n the engine 1s stopped and a mamiold
pressure within an intake manifold, selectively opens a
throttle valve when fuel injection in the engine 1s
stopped while the 1gnition system 1s on.
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2. The system of claim 1 wherein the throttle control mod-
ule selectively opens the throttle valve when the engine speed
1s less than a predetermined speed.

3. The system of claim 2 wherein the throttle control mod-
ule opens the throttle valve when the manifold pressure 1s less
than a predetermined pressure.

4. The system of claim 3 wherein the throttle control mod-
ule closes the throttle valve when the mamifold pressure 1s
greater than or equal to the predetermined pressure.

5. The system of claim 4 wherein the predetermined pres-
sure 1s approximately equal to atmospheric pressure.

6. The system of claim 1 further comprising a position
determination module that determines a piston position when
the engine 1s stopping and a direction of crankshait rotation 1s
reversed.

7. The system of claim 6 wherein the position determina-
tion module determines the piston position based on input
received from a bidirectional crankshatt sensor.

8. The system of claim 6 further comprising a spark control
module that advances spark timing when the engine 1s starting,
based on the piston position when the engine 1s stopping.

9. The system of claim 8 wherein the spark control module
advances the spark timing by an amount that 1s based on a
difference between the piston position and top dead center.

10. The system of claim 1 further comprising a speed
determination module that determines the engine speed based
on 1mnput received from a crankshait position sensor.

11. A method comprising:

stopping an engine when a driver depresses a brake pedal

while an 1gnition system 1s on and the engine 1s 1dling;
selectively opening a throttle valve when fuel 1njection 1n
the engine 1s stopped while the 1gnition system 1s on
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based on engine speed when fuel injection 1n the engine
1s stopped and a manifold pressure within an intake
manifold; and

starting the engine when the driver releases the brake pedal.

12. The method of claim 11 further comprising selectively
opening the throttle valve when the engine speed 1s less than
a predetermined speed.

13. The method of claim 12 further comprising opening the
throttle valve when the manifold pressure 1s less than a pre-
determined pressure.

14. The method of claim 13 further comprising closing the
throttle valve when the manifold pressure 1s greater than or
equal to the predetermined pressure.

15. The method of claim 14 wherein the predetermined
pressure 1s approximately equal to atmospheric pressure.

16. The method of claim 11 further comprising determin-
ing a piston position when the engine 1s stopping and a direc-
tion of crankshait rotation 1s reversed.

17. The method of claim 16 further comprising determin-
ing the piston position based on input recerved from a bidi-
rectional crankshaift sensor.

18. The method of claim 16 further comprising advancing
spark timing when the engine 1s starting based on the piston
position when the engine 1s stopping.

19. The method of claim 18 further comprising advancing
the spark timing by an amount that 1s based on a difference
between the piston position and top dead center.

20. The method of claim 11 turther comprising determin-
ing the engine speed based on mput received from a crank-
shaft position sensor.
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